The human promyelocytic leukemia cell line HL-60 can be induced to undergo morphological and functional differentiation in vitro by various low molecular weight compounds. The cellular morphology changes from blastoid appearance to that of granulocytes and the cells acquire the ability to phagocytize. We here report that the surface glycoproteins specifically change during this differentiation, as shown by the neuraminidase/galactose oxidase/NaB3H4 surface-labeling technique followed by polyacrylamide slab gel electrophoresis. The most prominent change is the loss of the major glycoprotein band typical for the blast cells which has an apparent molecular weight of 160,000 and the appearance of a major surface glycoprotein band with an apparent molecular weight of 130,000.
maturation is associated with the labeling of other surface glycoproteins.
MATERIALS AND METHODS Cells. The HL-60 cell line was obtained from R. C. Gallo (National Institutes of Health). The cells were cultivated in plastic flasks (Falcon) in RPMI-1640 culture medium supplemented with 20% fetal calf serum. The cells were induced to differentiate by addition of Me2SO to a final concentration of 1.0%. HL-60 blasts and HL-60 differentiated cells were purified by 1 X g velocity sedimentation (6) , and fractions exceeding 95% purity were obtained. Human granulocytes were isolated from buffy coats of normal blood units provided by the Finnish Red Cross Blood Transfusion Service as described (7) . The granulocytes were >97% pure, as judged from May/Gruenwald/Giemsa-stained smears.
Chemicals and Enzymes. Me2SO (analytical grade), sodium borohydride, and sodium metaperiodate were obtained from Merck AG (Darmstadt, West Germany). NaB3H4 (11.7 Ci/ mmol, 1 Ci = 3.70 X 1010 becquerels) was purchased from the Radiochemical Centre (Amersham, England). The galactose oxidase (EC 1.1.3.9) (Kabi AB, Stockholm, Sweden) and Vibrio cholerae neuraminidase (EC 3.2.1.18) (Behringwerke, Marburg-Lahn, West Germany) were free of protease activity when assayed as described (8) .
Cell Surface Labeling and Polyacrylamide Gel Electrophoresis. Cells (20 X 106) were surface labeled by use of NaBWH4 after treatment with either neuraminidase and galactose oxidase or periodate as described in detail (8) (9) (10) . Briefly, the cells were treated with 5 units of galactose oxidase and 12 units of neuraminidase for 30 min at 37°C in Dulbecco's phosphate-buffered saline. The periodate treatment was at 0°C for 10 min with a periodate concentration of 1 mM. The cells were then washed by centrifugation and reduced with 0.5 mCi of NaB3H4 for 30 min at room temperature. After washing, the cells were solubilized in Triton X-100 containing buffer (11) and centrifuged at 1000 X g for 10 min, and the supernatants were used for electrophoresis. Polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate was performed on slab or cylindrical gels with an acrylamide concentration of 8% (12) . The handling of the gels for fluorography (13) and the 14C-labeled standard proteins have been described (10) . Films were scanned with a Joyce-Loebl Chromoscan apparatus along the center of the gel lanes.
Abbreviation: Me2SO, dimethyl sulfoxide. 4087 The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. Preparation and Analysis of Glycopeptides and Oligosaccharides from the Major Labeled Surface Glycoprotein of HL-60 Cells. Surface-labeled HL-60 cells were electrophoresed after solubilization on cylindrical polyacrylamide gels. The gels were sliced with a 2-mm gel slicer and the slices were eluted for 24 hr with 1 ml of water. The radioactivity in the aliquots was determined and the fractions containing the major labeled surface glycoprotein were pooled and lyophiized. These were then treated with Pronase (14) followed by 50 mM NaOH/1 M NaBH4 for 24 hr at 45°C (15 Preparation of Antiserum against GP130 and Immunoprecipitation. One rabbit was immunized three times intravenously at 2-week intervals with 50 X 106 purified leukemic cells from a patient with chronic myeloid leukemia (7) . Ten days after the last injection, serum was collected and 1 ml of the serum was absorbed three times for 3 hr at 0°C with 1 ml of packed normal lymphoid cells obtained by Ficoll-Isopaque centrifugation (7) . After this the serum was absorbed twice with 0.5 ml of packed cells of an Epstein-Barr virus-positive lymphoblastoid cell line established from the same patient (11 (Fig. 1A) . After 2 days in the presence of 1.0% Me2SO, most of the cells showed obvious neutrophilic differentiation (Fig. 1B) and phagocytic activity (Fig. 1C) (Fig. 4) . Glycopeptides and Oligosaccharides of Major Labeled Surface Glycoprotein. Fig. 5 shows the Bio-Gel P6 elution patterns of glycopeptides and oligosaccharides from GP110 from uninduced (Fig. 5A) and induced (Fig. 5B) HL-60 cells labeled with 3H after periodate treatment. The patterns are remarkably similar. The apparent molecular weight of the major peak is about 2300. When the glycopeptides and oligosaccharides from GP160 and GP130 were analyzed after neuraminidase/galactose oxidase/NaB3H4 labeling, the patterns were similar and the major peaks had apparent molecular weights of about 600 (data not shown).
Immunoprecipitation with Antiserum against GP130. Fig.  6 shows the immunoprecipitates from uninduced and induced HL-60 cells labeled by the neuraminidase/galactose oxidase/ NaB3H4 technique and analyzed on a polyacrylamide slab gel. A strong GP130 was obtained from induced cells (Fig. 6 , lane C) and a weak GP130 from uninduced cells (Fig. 6, lane B) . No GP160 was precipitated from uninduced cells with antiserum and no band was obtained with preimmune serum from induced cells (Fig. 6, lane D) .
DISCUSSION
The galactose oxidase/NaB3H4 (8, 9) and periodate/NaB3H4 (10) surface-labeling techniques, combined with fluorography of polyacrylamide slab gels, have proven useful for distinguishing different normal and malignant human blood cells (7, 17) and lymphoid cell lines (18, 19) . In addition we have found that, depending on the mode of activation, human T lymphoblasts have characteristic and easily distinguishable surface glycoprotein patterns that are different from those of resting T lymphocytes (20) .
In contrast to the more extensive information on surface glycoprotein alterations accompanying lymphoid differentiation, very little is known about molecular changes associated with granulocyte/monocyte maturation (21) (22) (23) . The with acute or chronic myeloid leukemia (7, 17) . This indicates that in the myeloblast-granulocyte lineage, surface glycoprotein changes normally occur during differentiation.
The recent establishment of the HL-60 promyelocytic cell line (4) and the successful induction of its differentiation in vitro (5) has made it possible to study cell surface changes at a molecular level during myeloid differentiation. When HL-60 cells were labeled by the neuraminidase/galactose oxidase/NaB3H4 technique, the most obvious cell surface protein change during differentiation was the loss of GP160 and the appearance of GP130. This is not a nonspecific effect of Me2SO hand, this cell line can be induced to undergo erythroid differentiation by using sodium butyrate (24) .
No difference between uninduced and induced HL-60 cells was seen when the cells were labeled by the periodate/NaB3H4 method, but all cells contained a strongly labeled GP110. We think that both GP160 and GP130 move like GP110 on polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate when their sialic acids have not been removed by neuraminidase treatment. This is characteristic of surface glycoproteins containing O-glycosidic carbohydrate chains, such as the major red cell sialoglycoprotein, glycophorin, and the major T lymphocyte surface protein, which show increased electrophoretic mobilities in the presence of sodium dodecyl sulfate when their sialic acids are present (10, 20) . GPI60 (26) .
The results show that it is possible to follow human myeloid differentiation by analyzing the surface glycoprotein patterns and indicate the usefulness of this approach for investigating granulocyte structural-functional relationships. This may be particularly important when the differentiation stage of human myeloid leukemic cells is determined (17) . 
